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The title salt, Na[CrF 2 (C5H s N) 4 ] 2 [ZnCl 4 ]C10 4 , consists of two 
cationic Cr m complexes, an Na + cation, one [ZnCl 4 ] 2 ~ anion 
and one C10 4 ~ anion. The Cr m atoms are coordinated by four 
pyridine (py) N atoms and two F atoms in a trans arrangement, 
displaying a distorted octahedral geometry. The mean Cr— 
N(py) and Cr-F bond lengths are 2.086 (8) and 1.864 (14) A, 
respectively. The [ZnCl 4 ] 2 ~ anion has a distorted tetrahedral 
geometry. The most notable feature of the crystal packing is 
the formation of weak pyridine-perchlorate C— H- ■ O 
hydrogen bonds, resulting in supramolecular chains along 
the 5-axis direction. The perchlorate anion was disordered 
over two sets of sites in a 0.868 (3):0.132 (3) ratio. 



Experimental 

Crystal data 

Na[CrF 2 (C 5 H 5 N) 4 ] 2 [ZnCl4]C104 

M r = 1142.41 

Orthorhombic, Pbca 

a = 25.397 (5) A 

b = 14.600 (3) A 

c = 25.510 (5) A 

V = 9459 (3) A 3 

Data collection 

ADSC Q210 CCD area-detector 

diffractometer 
Absorption correction: empirical 

(HKL3000sm; Otwinowski & 

Minor, 1997) 

T min = 0.835, r milx = 0.912 

Refinement 

R[F 2 > 2a(F 2 )] = 0.047 
wR(F 2 ) = 0.136 
S = 1.05 

13152 reflections 
605 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



Z = 8 

Synchrotron radiation 
k = 0.62998 A 
p. = 0.94 mm -1 
T = 100 K 

0.20 x 0.15 x 0.10 mm 



86381 measured reflections 
13152 independent reflections 
12355 reflections with / > 2a(I) 
R iM = 0.050 



6 restraints 

H-atom parameters constrained 
Ap max = 1.25 e A~ 3 
Ap mi „ = -1.99 e A~ 3 



D-H- - A 


D-H 


U-A 


D- ■ A 


D-H- - A 


C2-H2- ■ 05f' 


0.95 


2.31 


3.237 (14) 


165 


C10-H10- ■ 02P Li 


0.95 


2.49 


3.352 (3) 


151 


Symmetry codes: (i) — x 


+ l,y + §, -z 


+ !; (") * - l> y - 


-1,-z + l 





Data collection: PAL ADSC Quantum-210 ADX (Arvai & 
Nielsen, 1983); cell refinement: HKL3000sm (Otwinowski & Minor, 
1997); data reduction: HKL3000sm; program(s) used to solve struc- 
ture: XS in SHELXS2014 (Sheldrick, 2008); program(s) used to 
refine structure: XL in SHELXL2014 (Sheldrick, 2008); molecular 
graphics: DIAMOND (Brandenburg, 2007); software used to prepare 
material for publication: WinGX (Farrugia, 2012). 



Related literature 

For the synthesis of ?ra«s-[Cr(py)4F 2 ]N03, see: Glerup et al. 
(1970). For the structures of fraw5-[Cr(py) 4 F 2 ]C10 4 and trans- 
[Cr(py) 4 F 2 ]PF 6 , see: Moon & Choi (2013); Fochi et al (1991). 
Chromium(III)-doped crystals are promising materials for 
tunable solid state lasers in the spectral region between 600 
and 1100 nm, see: Powell (1998). 




The experiment at PLS-II 2D-SMC beamline was supported 
in part by MEST and POSTECH. 



Supporting information for this paper is available from the IUCr 
electronic archives (Reference: TK5321). 
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Bis[fra/7s-difluoridotetrakis(pyridine-A:N)chromium(lll)] sodium 
tetrachloridozincate perchlorate from synchrotron data 

Dohyun Moon, Keon Sang Ryoo and Jong-Ha Choi 

1 . Structural commentary 

The preparation and characterization of novel chromium(III) systems have received much attention because 
chromium(III) doped crystals are promising materials for tunable solid state laser in the spectral region between 600 and 
1 100 nm (Powell, 1998). Anionic species also play a very important role in chemistry, medicine and in biology, yet their 
binding characteristics have not received much recognition. The study of the anion effect and geometrical isomer in octa- 
hedral transition metal complexes may be expected to yield a great variety of new structures and properties of both 
chemical and biological significance. The [Cr(py) 4 X 2 ]' l+ (X ^ monodentate; py = pyridine) cation can be either trans or cis 
geometric isomers. 

In this communication, we report the synthesis and structure of 2[Cr(C5H5N) 4 F 2 ] + [ZnCl 4 ] 2 ~ Na + CIO4" in order to 
confirm the arrangement of four py molecules and two F ligands in the complex. This is another example of a 
/rcz«s-[Cr(py) 4 F 2 ] + complex but with a different counter anion (Fochi et al., 1991; Moon & Choi, 2013). The asymmetric 
unit of the title salt contains discrete two fra«.s-[Cr(py) 4 F 2 ] + , one [ZnCl 4 ] 2 ", one Na cation and one disordered CIO4 " anion. 
The structural analysis shows that there are two independent Cr(III) complex cations in which the four nitrogen atoms of 
four py ligands occupy the equatorial sites and the two F atoms coordinate to the Cr atom in trans configuration. An 
ellipsoid plot (60% probability level) of the title compound, together with the atomic labelling, is depicted in Fig. 1 . 

The Cr — N(py) bond distances varies from 2.0759 (18) to 2.0986 (18) A and the Cr-F bond distances are in the range 
of 1.8532 (12) to 1.8838 (12) A. These bond lengths are in good agreement with those observed in rraws-[Cr(py) 4 F 2 ]PF 6 
and ?ra«s-[Cr(py) 4 F 2 ]C10 4 . 

The uncoordinated [ZnCl 4 ] 2 " anion remains outside the coordination sphere. As expected, the Zn atom in the [ZnCl 4 ] 2 " 
has a distorted tetrahedral geometry surrounded by four CI atoms. The Zn — CI bond distance of 2.0228 (19)— 2.5558 (7) 
A and the CI — Zn — CI angles of 100.05 (6)— 121 .91 (3)° are observed, respectively. The C10 4 " also has distorted tetra- 
hedral geometry due to the influence of hydrogen bonding and connecting Na + ion on the CI — O lengths and the O — Cl- 
O angles. In the title complex, the crystal lattice is stabilized by weak hydrogen bonding interactions between the C — H 
groups of the py ligand and the O atoms of the C10 4 anion (Table 1). 

2. Synthesis and crystallization 

All chemicals were reagent grade materials and used without further purification. As starting material, 
?ra«s-[Cr(py) 4 F 2 ]N0 3 was prepared as described previously (Glerup et al, 1970). The crude [Cr(py) 4 F 2 ]N0 3 (0.2 g) was 
dissolved in 10 ml water at 60 °C. The 10 ml solution of 1M HC1 containing 0.1 g sodium perchlorate and 0.5 g of ZnCl 2 
was gradually added. The unreacted materials were removed by filtration and allowed to stand at room temperature for 
several days to give purple crystals of the title compound suitable for X-ray structural analysis. 



Acta Cryst. (2014). E70, m280 



sup-1 



supporting information 



3. Refinement 

C-bound H-atoms were placed in calculated positions (C — H = 0.95) and were included in the refinement in the riding 
model approximation with C/i S0 (H) set to 1.2{/ eq (C). The perchlorate anion was distorted over two positions in a 0.868 
(3):0.132 (3) ratio. 




01P 



03P 



04P 



02P 



Na1P 



Figure 1 

A perspective view of the molecular structures of the asymmetric unit in the title compound 



Bis[frans-difluoridotetrakis(pyridine-/<A/)chromium(lll)] sodium tetrachloridozincate perchlorate 



Crystal data 

Na[CrF 2 (C 5 H 5 N)4]2[ZnCl 4 ]C104 

M r = 1142.41 

Orthorhombic, Pbca 

a = 25.397 (5) A 

b = 14.600 (3) A 

c = 25.510 (5) A 

K=9459 (3) A 3 

Z=8 

F(000) = 4624 
Data collection 

ADSC Q210 CCD area-detector 

diffractometer 
Radiation source: PLSII 2D bending magnet 
co scan 

Absorption correction: empirical (using 

intensity measurements) 

(HKL3000sm; Otwinowski & Minor, 1997) 
T mm = 0.835, r max = 0.912 



D x = 1.604 Mgrrr 3 

Synchrotron radiation, 1 - 0.62998 A 

Cell parameters from 237022 reflections 

0 = 0.4-33.6° 

ju = 0.94 mm -1 

T= 100 K 

Block, purple 

0.20 x 0.15 x 0.10 mm 



86381 measured reflections 
13152 independent reflections 
12355 reflections with I > 2a{I) 
Rim = 0.050 

Omax — 26.0°, #min — 2.0° 

h = —35 — *35 
k = -\9^\9 
/ = -35^35 
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Refinement 

Refinement on F 2 Hydrogen site location: inferred from 
Least-squares matrix: full neighbouring sites 

R[F > 2a(F 2 )] = 0.047 H-atom parameters constrained 

wR{F*) = 0.136 w = ll^F 2 ) + (0.0773F) 2 + 19.7848P] 

5 = 1 .05 where P = {F 2 + 2F 2 )/3 
13152 reflections (A/a) max = 0.002 

605 parameters A/w = 1 .25 e A -3 

6 restraints Ap min = -1 .99 e A -3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Fl 
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0 07234 (51 


0 01 34 (2) 


Nl 


0 37558 (T\ 
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0 09803 (71 
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0 01 05 (31 
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0 01 07 (31 


CI 


n 35464 not 


0 55497 (161 


0 12003 (91 


0 0188 (41 


HI 


0.3272 


0.5618 


0.1451 


0.023* 


C2 


0.37167 (12) 


0.46750(17) 


0.10742(10) 


0.0258 (5) 


H2 


0.3556 


0.4154 


0.1230 


0.031* 


C3 


0.41235 (11) 


0.45702 (18) 


0.07181 (10) 


0.0268 (5) 


H3 


0.4258 


0.3980 


0.0637 


0.032* 


C4 


0.43310 (10) 
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0.04820(11) 


0.0252 (5) 


H4 


0.4603 


0.5298 


0.0228 


0.030* 


C5 


0.41370 (9) 


0.62005 (17) 
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0.0180(4) 


H5 


0.4278 


0.6729 


0.0455 


0.022* 


C6 


0.29780 (8) 


0.75294 (15) 


0.01708 (8) 


0.0143 (4) 


H6 


0.3330 


0.7565 


0.0045 


0.017* 


C7 


0.25712 (9) 
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-0.01887 (8) 


0.0188 (4) 


H7 


0.2644 


0.7426 
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0.023* 


C8 
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H8 
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0.022* 


C9 
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0.74378 (16) 
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0.0165 (4) 


H9 


0.1616 
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0.0663 


0.020* 


C10 
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0.0133 (4) 


H10 
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A A 1 /C* 

0.016* 




L37 


0.81361 (8) 


A f 1 11/1 /I 

0.51134 (16) 


A A^AIA /A\ 

0.04979 (9) 


A A 1 £ A / A\ 

0.0164 (4) 




H3 / 


0.8480 


A f1J5 

0.5123 


A AjCI 1 

0.0631 


A ATA* 

0.020* 




C38 


A OA A A 1 ZO\ 

0.80443 (8) 


0.50876 (16) 


A AAT T/ - /A \ 

-0.00376 (9) 


A A1T/I S A\ 

0.0174 (4) 




TJ J O 

H38 


0.8330 


0.50/8 


A A1*7Q 

—0.02 /8 


A AO 1 * 

0.021* 




Lo9 


A '7C1QO /OA 

0. /5289 (9) 


0.50 /55 (16) 


A An 1 /T1" /Q\ 

—0.0216 / (8) 


A A 1 n 1 ( A\ 

0.01 / 1 (4) 




Tj j n 
H39 


0. /45 1 


A CA£A 

0.5069 


A AC CO 

—0.0582 


A AOA* 

0.020* 




L40 


A 7| ^A/- /OX 

0.71206 (8) 


A CATIA /J c\ 

0.50729 (15) 


A A 1 /111 ZO\ 

0.01433 (8) 


A Al n / A \ 

0.0137 (4) 




H40 


0.6 /68 


0.5052 


A A A 1 O 
0.0018 


A A 1 jC* 

0.016* 




/"< 1 1 T> 

Cllr 


U.D3U13 (3) 


— 0.z063U (5) 


U.zoooU (3) 


A A 1 <~)(1A /I Q\ 

0.01264 (18) 


0.868 (3) 


Ulr 


0.60224 (9) 


A T2 /I O A ^1 £\ 

—0.23420 (16) 


0.33334 (8) 


0.0262 (5) 


0.868 (3) 


U2r 


0.68283 (8) 


—0.185 / (2) 


A 1 A AO /I /'in 

0.30024 (11) 


0.03 /4 (/) 


0.868 (3) 


U3r 


A ^irTl /I 1 \ 
U.OZOJJ (11) 


— U.z /o4 (3) 


AO/1 Q^O" / 1 ^ 

U.z4a6/ (13) 


0.0354 ( /) 


A Q/TQ /OX 

0.868 (3) 


U4r 


u.oujy / (9) 


— U. IZbZl (15) 


A ">£H A 1 i \ A^ 

U.zo/43 (10) 


A AO "7 A ( C \ 

0.03 /0 (5 ) 


0.868 (3) 


Clzr 


0.6450 (2) 


-0.1831 (4) 


0.2710 (2) 


A All 1 /1 1\ 

0.0221 (12) 


0.132 (3) 


(J5P 


0.6630 (6) 


a Tin /i a\ 

—0.2113 (10) 


0.3260 (5) 


A All 1 / 1 0\ 

0.0221 (12) 


A 1 11 /I \ 

0.132 (3) 


U6P 


0.6833 (5) 


A 1 A TC / 1 A\ 

—0.14/5 (10) 


A T5 A/C /C\ 

0.2396 (5) 


A AOO 1 /1 0\ 

0.0221 (12) 


A 1 AA \ 

0.132 (3) 


U/r 


0.6415 (8) 


— O.z /96 (1 /) 


A OCA/1 /A\ 

0.2504 (9) 


A AOO 1 /1 1\ 

O.Ozzl (iz^) 


U.13z (3 ) 


(J8P 


A /fA^fn /A\ 

0.60397 (9) 


—0.12621 (15) 


0.26743 (10) 


A AT 1A /f \ 

0.0370 (5) 


A 1 ") O /O \ 

0.132 (3) 


Znl 


0.51089 (2) 


0.13481 (2) 


0.06065 (2) 


0.01240 (7) 




Cll 


0.52526 (2) 


0.28484 (4) 


0.05651 (2) 


0.02034 (12) 




C12 


0.42603 (2) 


0.10088 (4) 


0.04318 (2) 


0.02115(12) 




C13 


0.55209 (11) 


0.09300 (14) 


-0.00286 (9) 


0.1300 (9) 




C14 


0.54386 (3) 


0.04804 (5) 


0.12572 (2) 


0.03005 (14) 




NalP 


0.65188 (10) 


-0.00419(16) 


0.19280(11) 


0.0856 (7) 




Atomic displacement parameters (A 2 ) 








U 12 






Crl 


0.00589(14) 


0.00984(15) 0.00688 (14) -0.00199(10) 


0.00172 (9) 


0.00211 (10) 


Fl 


0.0085 (5) 


0.0164 (6) 0.0106 (5) 


-0.0028 (4) 


0.0025 (4) 


0.0051 (4) 


F2 


0.0136(5) 


0.0156(6) 0.0110(5) 


-0.0050 (4) 


0.0066 (4) 


0.0024 (4) 


Nl 


0.0108 (7) 


0.0129(8) 0.0111(7) 


0.0001 (6) 


-0.0006 (6) 


0.0004 (6) 


N2 


0.0108 (7) 


0.0113 (8) 0.0093 (7) 


-0.0014 (6) 


-0.0008 (6) 


0.0016 (6) 


N3 


0.0088 (7) 


0.0130 (8) 0.0079 (7) 


-0.0006 (6) 


-0.0003 (5) 


0.0010 (6) 


N4 


0.0066 (7) 


0.0150 (8) 0.0106 (7) 


-0.0008 (6) 


0.0008 (5) 


0.0003 (6) 


CI 


0.0266 (11) 


0.0125 (10) 0.0173 (9) 


-0.0004 (8) 


0.0012 (8) 


0.0049 (7) 


C2 


0.0433 (15) 


0.0134(10) 0.0208(11) 


0.0032 (10) 


-0.0058 (10) 


0.0040 (8) 


C3 


0.0364 (14) 


0.0183 (11) 0.0258 (11) 


0.0116(10) 


-0.0128(10) 


-0.0055 (9) 


C4 


0.0216(11) 


0.0263 (13) 0.0279 (12) 


0.0073 (9) 


-0.0003 (9) 


-0.0106(10) 


C5 


0.0152(9) 


0.0196(11) 0.0192 (10) 


-0.0004 (8) 


0.0036 (7) 


-0.0043 (8) 
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supporting information 



C6 


A A1 C7 

0.015 / 


(9) 


a ai /;/; /A\ 

O.Oloo (9) 


A A 1 f\H 
0.010 / 


(8) 


A AAAO (H\ 

— 0.0003 ( /) 


A AAA/1 fH\ 

—0.0004 ( /) 


A AA 1 1 fH\ 

0.0011 (/) 


C / 


a 1 h 
0.021 / 


(A fW 

(10) 


A AO 1 O /I 1 \ 

0.0238 (11) 


A A 1 1 A 
0.0110 


(9) 


A AAOA ZO\ 

0.0020 (8) 


A AAO A ZO\ 

—0.0039 (8) 


A AA 1 1 ZO\ 

—0.0011 (8) 


Co 


0.0183 


(\ CW 

(10) 


A A1 OO /1 A\ 

0.0188 (10) 


A A 1 HC\ 
0.01 /9 


(10) 


A AAAO (Q\ 

0.0003 (8) 


A AAOO ZO\ 

—0.0083 (8) 


A AAAO /OA 

0.0003 (8) 


C9 


A AH/I 

0.0124 


(CW 

(9) 


A A 1 OA ( \ CW 

o.oi /y (ioj 


A A 1 Cll 

0.0193 


(W A\ 

(10) 


A AA 1 O (H\ 

—0.0018 (/) 


A AAO C (H\ 

—0.0036 (/) 


A AAO/; /o\ 

0.0026 (8) 


CIO 


a a 1 ao 
0.0108 


(8) 


A A1 /CA /A\ 

0.0169 (9) 


A A 1 O 1 

0.0121 


(8) 


A AAOO in\ 

—0.0023 (/) 


A AAAA iH\ 

—0.0009 (/) 


A AAOO fn\ 

0.0023 (/) 


Cll 


A A 1 A O 

0.0143 


(8) 


A AHC /AA 

0.0125 (9) 


A A 1 c\n 
0.010/ 


/0\ 

(8) 


A AAOO in\ 

—0.0023 (/) 


A AAAO" iH\ 

—0.000/ (/) 


A AA1 c fn\ 
0.0015 ( /) 


C12 


a rm 1 
0.0221 


(\ CW 

(10) 


A All / /A\ 

0.0116 (9) 


A A 1 ZH 
0.015 / 


(C\\ 

(9) 


A AA 1 A (H\ 

—0.0014 (/) 


A AAO 1 (H\ 

—0.0031 (/) 


A AA 1 A SH\ 
0.0010 (/) 


C13 


A AO 1 /; 

0.0216 


(\ CW 

(10) 


A A1 J£ /1 CW 

0.0156 (10) 


A A 1 C7 
0.015 / 


(9) 


A AACO ZO\ 

0.0058 (8) 


A AA/1 O ZO\ 

—0.0048 (8) 


A A A 1 C SH\ 

—0.0015 (/) 


C14 


A A 1 A O 

0.0149 


(CW 

(y) 


A AO 1 A /I A\ 

0.0Z1U (,10J 


A A 1 /T A 

O.OloU 


(9) 


A AA/I O (Q\ 
U.UU40 (0 ) 


A A A 1 O SH\ 

0.0013 (/) 


A AAOA fQ\ 

—0.0020 (o) 


CI J 


A A 1 1 C 

0.0115 


(8) 


A A17/1 /I A\ 

0.01 /4 (10) 


0.0122 


/o\ 

(8) 


A AAAO (H\ 

0.0003 (/) 


A AAOO ZO"\ 

0.0023 (/) 


A AAAC fH\ 

0.0005 (/) 


C16 


A AAA/; 

0.0096 


/A\ 

(9) 


0.0503 (16) 


0.0177 


(10) 


A AACO (C\\ 

-0.0052 (9) 


A AA1 C tQ\ 

—0.0016 (8) 


A A1 A O /1 fW 

0.0148 (10) 


C17 


A A 1 C A 

0.0160 


/ 1 A\ 

(10) 


A AC 1 C / 1 "7\ 

0.0515 (17) 


0.0188 


(11) 


A AACO / 1 A\ 

-0.0053 (10) 


A AACO" ZO\ 

-0.0057 (8) 


0.0147 (11) 


f l o 

Clo 


A A 1 AjC 

0.0106 


/A\ 

(9) 


A (\A "5 A / 1 C\ 

0.0430 (15) 


0.0197 


(10) 


A AA 1 (C\\ 

0.0016 (9) 


A AA/1 A (Q\ 

—0.0049 (8) 


A AAA1 / 1 A\ 

—0.0003 (10) 


C19 


A AAOC 

0.0085 


( 1 A\ 

(10) 


A 1 A /I ZO\ 

0.104 (3) 


0.0196 


(12) 


AAIOC ( \ A\ 

—0.0125 (14) 


A AA 1 A /A\ 

-0.0014 (9) 


0.0057 (15) 


C20 


A AAAO" 

0.0097 


/ A\ 

(9) 


A C\iCH /o\ 

0.067 (2) 


0.0133 


(10) 


A AIOA 

—0.0130 (11) 


A AAA/1 ZO\ 

0.0004 (8) 


A A A A A / 1 1 \ 

0.0044 (11) 


Crz 


A A C\£ A i 

0.0064: 


/1 /1\ 

(14) 


A A 1 A 1 A / 1 C\ 

0.01014 (15) 


0.00675 (14) 


A AAAylO / 1 A\ 

-0.00042 (10) 


A AAACO" (C\\ 

—0.00057 (9) 


A A A 1 A O /1 A\ 

—0.00142 (10) 


r3 


0.0122 


(5) 


A A 1 /I a 

0.0140 (6) 


U.UUVl 


P) 


A AAO O (A \ 

-0.0032 (4) 


A AA 1 A { A\ 

—0.0019 (4) 


A AAOA / A\ 

—0.0029 (4) 


T7 A 

r4 


0.0099 


(5) 


A A 1 O C f £\ 

0.0185 (6) 


U.U1U / 


(■>) 


A AAA "7 f A \ 

-0.0007 (4) 


A AAOA / A\ 

-0.0030 (4) 


A AAO O / /I \ 

0.0032 (4) 


N5 


A AAOA 

0.0089 


(7) 


A A 1 1 C /0\ 

0.0115 (8) 


A A 1 (\A 


fi\ 
(i) 


A AA 1 A /C\ 

—0.0010 (5) 


A AA 1 A 

0.0010 (o) 


A AAA /_ //T\ 

—0.0006 (6) 


XT/; 

JN6 


A AAOO" 

0.008 / 


(7) 


A A 1 O 1 SO\ 

O.Olzl (8) 


u.uuo / 


(') 


A AAAO /C\ 

0.0002 (5) 


A A A A 1 /C\ 

0.0001 (5) 


A AA 1 1 i Z\ 

—0.0011 (5) 


JN / 


A A1 on 

0.0129 


(7) 


A A 1 A o /o^ 
0.014Z (8) 


U.Ul Uo 


(') 


A AAO A ( £\ 

0.0039 (6) 


A AAOO" i £\ 

0.002 / (o) 


A AAAA ( £\ 
0.0009 (6) 


N8 


A A A O A 

0.0084 


(7) 


A A 1 O C ZO\ 

0.0135 (8) 


A AAQO 


tn\ 
(') 


A AAA A ( £L\ 

0.0004 (6) 


A AAA 1 /C\ 

0.0001 (5) 


A AAAO ( £\ 

-0.0008 (6) 


C21 


A A 1 O 1 

0.0181 


/ A \ 

(9) 


A A 1 O 1 / 1 A\ 

0.0131 (10) 


n m 1 c 

U.Ul 10 


i°) 


A AAOA (H\ 

-0.0020 (7) 


A A A 1 £ SH\ 

0.0016 (7) 


A AAO A in\ 

—0.0024 (7) 


C22 


0.0269 


(11) 


A A 1 1 O / 1 f\\ 

0.013Z (10) 


u.ui jy 


( y ) 


A AA1 A ZO\ 

-0.0014 (8) 


A AACO /o^ 

0.0053 (8) 


A AAOA in\ 

—0.0030 ( /) 


C23 


0.0223 


(10) 


A AK1 /I A\ 

0.0151 (10) 


u.uzz » 


\ ly) ) 


0.005U (8) 


A AAO/; /OA 

0.0086 (o ) 


A AAOO (Q\ 

0.0032 (8) 


L24 


A A 1 A H 

0.0147 


(9) 


AA101 /1 1 \ 

0.0181 (11) 


U.UZ04 


C\ 1 ^ 
( U ) 


A A A 1 A ZO\ 

0.0019 (8) 


A AA1 A /0\ 

-0.0014 (8) 


A AAC/; /o\ 

0.0056 (8) 


C25 


A AHf 

0.0135 


/A\ 

(9) 


A A 1 AH / 1 A\ 

0.0147 (10) 


U.U 1 / o 


( y ) 


A A A 1 H /"7\ 

-0.0017 (7) 


A A A A O /T\ 

—0.0042 (7) 


A AA 1 £L iH\ 

0.0016 (7) 


C26 


A AH') 

0.0122 


(9) 


A AO 11 / 1 1 \ 

0.0Z31 (11) 


0.0134 


(9) 


A AA/CC /*7\ 

—0.0065 (/) 


A AA 1 A SH\ 
0.0014 (/) 


—0.004/ (/) 


C2 / 


A A 1 0 A 

0.01 34 


(CW 

(9) 


A f\A AO /I C\ 

0.0409 (15) 


0.0180 


(10) 


A A 1 1 A (C\ \ 

—0.0110 (9) 


A AAOO SQ\ 

0.0028 (8) 


A AA/;C i"l (X\ 

—0.0065 (10) 


C28 


A A 1 O H 

0.0137 


/1 A\ 

(10) 


A AO OO / 1 /I \ 

0.0383 (14) 


0.0160 


(10) 


A AAOA /A\ 

-0.0030 (9) 


A A A A O SH\ 

0.0048 (7) 


A AAO £ /A\ 

-0.0036 (9) 


C29 


A A 1 A A 

0.014V 


(CW 

(9) 


A AO £. A / 1 O A 

0.0369 (13) 


0.0125 


(9) 


A AA 1 0 /A^ 

—0.0013 (9) 


A AAO 0 SH\ 

0.0033 (/) 


A AAO"0" /A\ 

—0.00/ / (9) 


C30 


A A 1 1 A 

0.01 14 


(8) 


A AO /I £. { 1 1 \ 

0.0Z46 (11) 


0.0110 


(8) 


A AA 1 A SH\ 

—0.0010 (/) 


A AAA/1 fH\ 

0.0004 (/) 


A AAC/; (Q\ 

—0.0056 (8) 


C31 


A A 1 oo 

0.018 / 


(A CW 

(10) 


A AO 10 /1 1\ 

0.0Z13 (11) 


0.0133 


(9) 


0.0069 (8) 


A AAAO fH\ 
0.0002 (/) 


A AAAT (H\ 
0.000/ (/) 


C32 


A AO C A 

0.0254 


(11) 


A AO CO / 1 0\ 

0.0253 (12) 


0.0160 


(9) 


A A 1 OA /A\ 

0.0129 (9) 


A AAOC ZO\ 

0.0025 (8) 


A AAOO" ZO\ 

0.0037 (8) 


C33 


A AOAO 

0.0292 


(\ 0\ 

(12) 


A AO AT / 1 1 \ 

0.020/ (11) 


0.0244 


(11) 


A A 1 O 1 /A\ 

0.0121 (9) 


A A 1 A A / A\ 

0.0109 (9) 


A AAOO /A\ 

0.00/3 (9) 


C34 


A AO A C 

0.0245 


(H) 


A A 1 OA (A C\\ 

0.0129 (10) 


0.0312 


(12) 


A AAOO SQ\ 

0.0022 (8) 


A AAOO" fCW 

0.008 / (9) 


A AAA/; tCW 

0.0006 (9) 


C35 


A Alf/I 

0.0154 


(CW 

(9) 


A A 1 O A / 1 A\ 

0.0139 (10) 


0.0214 


(10) 


A AAO 1 SH\ 

0.0021 (/) 


A AAC 1 fn\ 

0.0051 (/) 


A AAAA iH\ 

0.0000 ( /) 


C36 


A AAA A 

0.0094 


(8) 


A A 1 A A / 1 A\ 

0.0194 (10) 


0.0121 


(8) 


A AAAO SH\ 

0.0003 (7) 


A AAA A SH\ 

—0.0004 (7) 


A AAAC /H\ 

—0.0005 (7) 


C37 


A A AO "7 

0.0087 


(8) 


A AOO O / 1 1 \ 

0.0232 (11) 


0.0172 


(9) 


A A A 1 C SH\ 

0.0015 (7) 


A A A 1 1 fn\ 

0.0011 (7) 


A A A 1 O ZO\ 

0.0013 (8) 


C3s 


A AHC 

U.0135 


(9) 


0.0224 (11) 


0.0162 


(9) 


A aao/; /o\ 
0.0036 (8) 


A AAzTA fH\ 
0.0060 (/) 


A AAAA ZO\ 

0.0009 (8) 


C39 


O.Oloo 


(CW 

(9) 


0.02J9 (11) 


0.0104 


(8) 


A A A 1 fl SQ\ 
U.UUlO (0 ) 


A AAOO in\ 
0.UU33 (/) 


A AAAO" (H\ 

0.000 / ( /) 


C40 


A A 1 OA 

0.0120 


(8) 


A A 1 O C / 1 A\ 

0.0185 (10) 


0.0105 


(8) 


A A AAA fH\ 

0.0009 (7) 


A AAA1 SH\ 

-0.0001 (7) 


A AAA1 /H\ 

0.0001 (7) 


Cllr 


A A1 1 1 

0.0113 


(1\ 

( 3 ) 


A A 1 /I A /*} \ 

0.0140 (3) 


0.0127 


(3) 


A AAO£ 

0.0026 (2) 


A AA/1 1 ZO\ 

—0.004 / (2) 


A AAAT /OA 

—0.0003 (2) 


01P 


0.0341 


(11) 


0.0252(11) 


0.0193 


(9) 


-0.0025 (9) 


0.0063 (8) 


0.0046 (8) 


02P 


0.0090 


(9) 


0.0603 (17) 


0.0430 


(14) 


-0.0026 (10) 


-0.0084 (9) 


-0.0126(12) 


03P 


0.0316 


(15) 


0.0470 (16) 


0.0276 


(12) 


0.0024(15) 


-0.0071 (13) 


-0.0239 (11) 


04P 


0.0288 


(10) 


0.0346 (12) 


0.0476 


(13) 


0.0188 (9) 


0.0081 (9) 


0.0216(10) 


C12P 


0.0194 


(14) 


0.0263 (14) 


0.0205 


(14) 


-0.0016(9) 


-0.0010 (9) 


-0.0038 (9) 
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supporting information 



Lor 


A A1 ft/1 / 1 /I \ 

0.01y4 (14) 


0.0263 (14) 


A AO AC / 1 A A 

O.OzOj (14) 


A AA 1 £. / AA 

— 0.001 o (y) 


A AA1 A /AA 

— 0.0010 (S>) 


A AA1 O /OA 

— 0.0038 (y) 




0.01y4 (14) 


0. 026.3 (14) 


A AO AC / 1 A A 

V.vZVJ (14) 


A AA 1 C /A A 

— 0.001 o (y) 


A AA1 A /AA 

—0.0010 (y) 


A AA1 O /AA 

—0.0038 (y) 


U Ir 


A A1 r\A ( \ A A 
U.(JlV4 (14) 


U.Uzoj (14) 


A AO AC /1 A A 

O.OzOj (14) 


A AA 1 £ /'OA 

— 0.00 lo (y) 


A AA1 A /OA 

—0.0010 (y) 


A AA10 /'OA 
— 0.0038 (V) 


Dor 


a moo /1 a a 
0.0ZO6 (10) 


a A*3 /I £ /1 o\ 

0.0.346 (Iz) 


A A/IT/i ^1 "2A 

0.04/6 (1 J) 


A A 1 OO /AA 

O.Ol&o \y) 


A AAO 1 /OA 

o.oosi (y) 


A AO 1 £ /1 AA 

O.Ozlo (10) 


Zni 


0.U1M4 (13) 


A A1 f\fZH 1 1 T\ 

U.UlUo/ (13) 


A A1110 /1 OA 

O.Ulljo (lz) 


A AA10£ /'OA 

— O.OOjzo (o) 


A flfll A A /'OA 

0.00344 (o ) 


— 0.0008 / (o) 


Cll 


0.0246 (3) 


0.0112(2) 


0.0252 (3) 


-0.00530 (19) 


-0.0023 (2) 


-0.00346 (18) 


C12 


0.0145 (2) 


0.0141 (2) 


0.0348 (3) 


-0.00498 (17) 


0.0031 (2) 


0.0015 (2) 


C13 


0.173 (2) 


0.0881 (13) 


0.1291 (17) 


-0.0183 (13) 


0.0785 (16) 


-0.0087 (11) 


C14 


0.0477 (4) 


0.0215 (3) 


0.0209 (3) 


0.0029 (3) 


-0.0073 (2) 


0.0041 (2) 


NalP 


0.0897 (16) 


0.0696 (14) 


0.0974 (17) 


-0.0081 (12) 


0.0211 (13) 


0.0102(12) 



Geometric parameters (A, ") 



Crl — Fl 


1.8532 (12) 


N6 — C26 


1.344 (3) 


Crl — F2 


1.8838 (12) 


N6 — C30 


1.345 (2) 


Crl — N4 


2.0759 (17) 


N7 — C35 


1.346 (3) 


Crl — Nl 


2.0902 (18) 


N7 — C3 1 


1.353 (3) 


Crl — N3 


<~\ f\C\ f\ z' / 1 r>\ 

2.0906 (18) 


\TA /"I A f\ 

N8 — C40 


1.349 (2) 


Crl — N2 


2.0920 (17) 


N8 — C36 


1.350 (2) 


Nl — C5 


1.343 (3) 


C21 — C22 


1.394 (3) 


Nl — CI 


1.349 (3) 


C21 — H21 


0.9500 


N2 — C6 


1.347 (3) 


C22 — C23 


1.382 (3) 


N2 — C10 


1.348 (2) 


C22 — H22 


0.9500 


N3 — Cll 


1.348 (3) 


C23 — C24 


1.395 (4) 


N3 — CI 5 


1.348 (2) 


C23 — H23 


0.9500 


X T A f ' O f\ 

N4 — C20 


1.334 (3) 


C24 — C25 


1.384 (3) 


N4 — C16 


1.339 (3) 


C24 — H24 


0.9500 


CI — C2 


1.386 (3) 


C25 — H25 


0.9500 


CI — HI 


0.9500 


C26 — C27 


1.385 (3) 


C2 — C3 


1.384 (4) 


C26 — H26 


A A C A A 

0.9500 


C2— H2 


0.9500 


C27— C28 


1.388 (3) 


C3— C4 


1.392 (4) 


C27— H27 


0.9500 


C3— H3 


0.9500 


C28— C29 


1.380 (3) 


C4— C5 


1.382 (3) 


C28— H28 


0.9500 


C4— H4 


0.9500 


C29— C30 


1.386 (3) 


C5— H5 


0.9500 


C29— H29 


0.9500 


C6— C7 


1.387 (3) 


C30— H30 


0.9500 


C6— H6 


0.9500 


C31— C32 


1.382 (3) 


C7— C8 


1.391 (3) 


C31— H31 


0.9500 


C7— H7 


0.9500 


C32— C33 


1.381 (4) 


C8— C9 


1.388 (3) 


C32— H32 


0.9500 


C8— H8 


0.9500 


C33— C34 


1.393 (4) 


C9— C10 


1.386 (3) 


C33— H33 


0.9500 


C9— H9 


0.9500 


C34— C35 


1.386 (3) 


C10— H10 


0.9500 


C34— H34 


0.9500 


Cll— C12 


1.393 (3) 


C35— H35 


0.9500 


Cll— Hll 


0.9500 


C36— C37 


1.391 (3) 


C12— C13 


1.388 (3) 


C36— H36 


0.9500 
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C12— H12 
C13— C14 
C13— H13 
C14— C15 
C14— H14 
C15— H15 
C16— C17 
C16— H16 
C17— C18 
C17— H17 
C18— C19 
C18— H18 
CI 9— C20 
C19— H19 
C20— H20 
Cr2— F3 
Cr2— F4 
Cr2— N7 
Cr2— N6 
Cr2— N5 
Cr2— N8 
N5— C21 
N5— C25 



0.9500 

1.387 (3) 
0.9500 
1.385 (3) 
0.9500 
0.9500 
1.382 (3) 
0.9500 
1.372 (3) 
0.9500 
1.379 (4) 
0.9500 

1.388 (3) 
0.9500 
0.9500 
1.8552 (12) 
1.8634 (12) 
2.0769 (18) 
2.0801 (17) 
2.0868 (18) 
2.0986 (17) 
1.342 (3) 
1.349 (3) 



C37— C38 
C37— H37 
C38— C39 
C38— H38 
C39— C40 
C39— H39 
C40— H40 
CUP— 03P 
CUP— 02P 

cup— 04P 
cup— oip 

04P— NalP 
C12P— 06P 
C12P— 07P 
C12P— 05P 
C12P— NalP 
06P— NalP 
Znl— C13 
Znl— Cll 
Znl— C14 
Znl— C12 
C14— NalP 



1.386 (3) 
0.9500 

1.387 (3) 
0.9500 
1.385 (3) 
0.9500 
0.9500 
1.412(3) 
1.415 (2) 
1.431 (2) 
1.445 (2) 
2.877 (3) 
1.362 (15) 
1.51(3) 
1.531 (15) 
3.291 (8) 
2.537 (15) 
2.0228 (19) 
2.2232 (7) 
2.2499 (7) 
2.2558 (7) 
3.322 (3) 



Fl— Crl— F2 
Fl— Crl— N4 
F2— Crl— N4 
Fl— Crl— Nl 
F2— Crl— Nl 
N4— Crl— Nl 
Fl— Crl— N3 
F2— Crl— N3 
N4— Crl— N3 
Nl— Crl— N3 
Fl— Crl— N2 
F2— Crl— N2 
N4— Crl— N2 
Nl— Crl— N2 
N3— Crl— N2 
C5— Nl— CI 
C5— Nl— Crl 
CI— Nl— Crl 
C6— N2— CIO 
C6— N2— Crl 
C10— N2— Crl 
Cll— N3— C15 
Cll— N3— Crl 
CI 5— N3— Crl 



178.47 (6) 
89.83 (6) 
91.70 (6) 
90.50 (6) 
89.61 (6) 
87.93 (7) 
89.90 (6) 
90.04 (6) 
90.12(7) 
178.00 (7) 
88.25 (6) 
90.22 (6) 
176.95 (7) 
89.72 (7) 
92.25 (7) 
118.3 (2) 
121.84(15) 
119.77(15) 
118.25 (17) 
121.93 (14) 
119.74(13) 
117.97(18) 
121.69(14) 
120.33 (14) 



N6— Cr2— N8 
N5— Cr2— N8 
C21— N5— C25 
C21— N5— Cr2 
C25— N5— Cr2 
C26— N6— C30 
C26— N6— Cr2 
C30— N6— Cr2 
C35— N7— C31 
C35— N7— Cr2 
C31— N7— Cr2 
C40— N8— C36 
C40— N8— Cr2 
C36— N8— Cr2 
N5— C21— C22 
N5— C21— H21 
C22— C21— H21 
C23— C22— C21 
C23— C22— H22 
C21— C22— H22 
C22— C23— C24 
C22— C23— H23 
C24— C23— H23 
C25— C24— C23 



178.11 (7) 
93.92 (7) 
118.28 (19) 
120.52 (14) 
120.81 (14) 
118.39(18) 
120.70(14) 
120.90(14) 
118.73 (19) 
119.82(15) 
121.30(15) 
118.38(17) 
120.77 (14) 
120.79 (13) 

122.2 (2) 
118.9 
118.9 
119.5 (2) 
120.3 
120.3 

118.3 (2) 
120.9 
120.9 
119.2 (2) 
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C20 — N4 — C16 


i i o c a / 1 a \ 

117.59 (19) 


PO A \T/| P .. 1 

CzO — JN 4 — Cr 1 


HI O O ( 1 f \ 

122.37 (15) 


PI/ "K T /I p 1 

C16 — N4 — Crl 


1 1 A ( \ O S 1 A \ 

119.92 (14) 


XT 1 P 1 PO 

Nl — CI — C2 


1 OO A ZO\ 

122.4 (2) 


XT 1 /" 1 TT 1 

JN1 — LI — HI 


1 1 o o 

118.8 


p /-» i~ i \ T T 1 

C2 — CI — HI 


118.8 


C3 — C2 — CI 


1 1 A 1 /ON 

119.1 (2) 


p O p -> TTO 

C3 — Cz — Hz 


120.4 


P 1 P T JO 

CI — Cz — Hz 


1 1A A 

120.4 


C2 — C3 — C4 


1 1 O A ZO\ 

118.4 (2) 


p O p -) TTO 

C2 — C3 — H3 


1 OA O 

120.8 


p /I p -) TTO 

C4 — C3 — H3 


1 O A O 

lzO.o 


p r p a p o 

C5 — C4 — C3 


1 1 A O /0\ 

119.3 (2) 


C5 — C4 — H4 


1 OA O 

120.3 


p •-) p a T T /I 

C3 — C4 — H4 


120.3 


XT 1 /" f" p J 

N 1 — C5 — C4 


122.4 (2) 


XT1 " C T T C 

JN 1 — C J — Hj 


1 1 o o 


P J Of TTf 

C4 — C5 — H5 


1 1 o o 

118.8 


\Ti pi / PO 

N2 — C6 — C7 


122.3 (2) 


XTO /_ TT/" 

N2 — Co — H6 


1 1 O O 

118.8 


r~"i r^n tt£ 

C7 — Co — H6 


1 1 o o 

118.8 


p / nn p o 

Co — C7 — C8 


1 1 A 1 /'"rN 

119.1 (2) 


p / pio in 

Co — C7 — H7 


120.5 


p o PO [in 

Co — C7 — H7 


1 OA C 

120.5 


C9 — C8 — C7 


118.90 (19) 


pi i\ p o TTO 

C9 — C8 — H8 


120.5 


PO p O TTO 

C7 — C8 — H8 


120.5 


pi a pa 

CIO — C9 — C8 


1 1 o o 

118.8 (2) 


Pin /~*n t_ta 

cio — C9 — m 


120. 0 


C8 — C9 — H9 


120.6 


N2 — CIO — C9 


122.72 (19) 


XTO ni A TT 1 A 

JNZ — C 1 0 — H 1 0 


i in / 

llo.o 


p t\ p -i r\ TT1A 

C9 — CIO — H10 


i in /; 


N3 — Cll — Cl2 


122.42 (19) 


XT') pi 1 TT 1 1 

JN3 — Cll — Hll 


1 1 O O 

118.8 


/"* 1 1 PI 1 TT 1 1 

Clz — Cll — Hll 


1 1 o o 

118.8 


p i o p i o pii 
C13 — Clz — Cll 


1 1 A 1 /1\ 

119.1 (2) 


P 1 O pn TT 1 O 

C13 — Clz — Hlz 


1 OA C 

120.5 


P 1 1 P 1 O TT1 1 

Cll — C12 — H12 


120.5 


P 1 /I PIT P 1 O 

C14 — C13 — C12 


1 1 o / 

1 18.6 (2) 


p 1 /I PIT TT 1 O 

C14 — C13 — H13 


120.7 


P 1 O P 1 O TT1 ^ 

C12 — Cl3 — H13 


120.7 


Cl5— Cl4— Cl3 


119.2 (2) 


C15— Cl4— H14 


120.4 


Cl3— Cl4— H14 


120.4 


N3— CI 5— C14 


122.7 (2) 


N3— CI 5— HI 5 


118.6 


C14— C15— H15 


118.6 



PIC P^ /I TT^ /I 

C25 — C24 — H24 


120.4 


C23 — C24 — H24 


120.4 


N5 — C25 — C24 


1 o o c /o\ 

122.5 (2) 


\rr P^C TT^f 

N5 — C25 — H25 


1 1 o o 

118.7 


p ^> A PIT TT^f 

C24 — C25 — H25 


118.7 


N6 — C26 — C27 


1 o o c /o \ 

122.5 (2) 


XT/' P ^> / TT1/- 

N6 — C26 — H26 


1 1 o o 

118.8 


C27 — C26 — H26 


118.8 


PI/" P^T P^O 

C26 — C27 — C28 


1 1 o o /o\ 

118.8 (2) 


c ^ "\ / p< ^\ r-i TTn 

C26 — C27 — H27 


120.6 


C28 — C27 — H27 


120.6 


C29 — C28 — C27 


1 1 8.8 (2) 


P1A POO TTIO 

Czv — Cz8 — Hz8 


1 OA £L 

120.6 


POT POO TTTO 

C27 — C28 — H28 


120.6 


C28 — C29 — C30 


H9.4 (2) 


POO POA TTOA 

C28 — C29 — H29 


120.3 


POA POA TTOA 

C30 — C29 — H29 


120.3 


\T/ /it A POA 

N6 — C30 — C29 


1 O O AO / 1 A\ 

122.08 (19) 


XT/ /"I r\ Tjift 

N6 — C30 — H30 


119.0 


POA POA TTTA 

C29 — C30 — H30 


119.0 


XT"7 p -) 1 POO 

N7 — C31 — C32 


1 O O A ZO\ 

122.4 (2) 


XTT P") 1 TTO 1 

N7 — C31 — H31 


1 1 O O 

118.8 


C32 — C3l — H3l 


118.8 


P O 1 /" " o o P O 1 

C33 — C32 — C31 


1 1 O A /ON 

118.9 (2) 


POO POO TTOO 

C33 — C32 — H32 


1 oa /: 

120.6 


/-"< O 1 /"I O O TTOO 

C31 — C32 — H32 


120.6 


/-"< O O /"I O O /~10 /I 

C32 — C33 — C34 


H9.0 (2) 


POO POO TTOO 

C32 — C33 — H33 


120.5 


PO A POO TTOO 

C34 — C33 — H33 


1 OA C 

120.5 


C35 — C34 — C33 


119.4 (2) 


POC PO A TTO A 

C35 — C34 — H34 


120.3 


P O O P O A T TO /I 

C33 — C34 — H34 


120.3 


XT"7 PO C PO A 

Hi — C35 — C34 


1 O 1 f /o\ 

121.6 (2) 


XT'? O f TTO r* 

N7 — C35 — H35 


119.2 


O A Of/ T TO C 

C34 — C35 — H35 


119.2 


XTO PO/*" POT 

N8 — C36 — C37 


1 O O O "7 / 1 C\ \ 

122.27 (19) 


XTO PO/" TTO/' 

N8 — C36 — H36 


118.9 


/"in /—I o /- TTO/ 

C37 — C36 — H36 


118.9 


/~< o o /~i o i /~i o y 

C38 — C37 — C36 


1 1 8.9 1 (19) 


POO POO" T TO T 

C38 — C37 — H37 


1 OA C 

120.5 


PO/' POO TTOO 

C 3 6 — C 3 7 — H3 7 


120.5 


/"iot /-ion n^n 

C37 — C38 — C39 


1 1 O AO / 1 /V\ 

1 18.92 (19) 


/~<">0 TTTO 

C37 — C38 — H38 


1 OA C 

120.5 


C39— C38— H38 


120.5 


C40— C39— C38 


119.2 (2) 


C40— C39— H39 


120.4 


C38— C39— H39 


120.4 


N8— C40— C39 


122.26(19) 
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N4— CI 6— C17 
N4— CI 6— HI 6 
C17— C16— H16 
C18— C17— C16 
C18— C17— H17 
C16— C17— H17 
C17— C18— C19 
C17— C18— H18 
C19— C18— H18 
CI 8— CI 9— C20 
C18— C19— H19 
C20— CI 9— HI 9 
N4— C20— C19 
N4— C20— H20 
CI 9— C20— H20 
F3— Cr2— F4 
F3— Cr2— N7 
F4— Cr2— N7 
F3— Cr2— N6 
F4— Cr2— N6 
N7— Cr2— N6 
F3— Cr2— N5 
F4— Cr2— N5 
N7— Cr2— N5 
N6— Cr2— N5 
F3— Cr2— N8 
F4— Cr2— N8 
N7— Cr2— N8 



123.1 (2) 
118.5 
118.5 
119.1 (2) 
120.5 
120.5 
118.4(2) 
120.8 
120.8 
119.3 (2) 
120.3 
120.3 
122.5 (2) 
118.7 
118.7 
177.55 (6) 
90.85 (7) 
89.38 (7) 
90.48 (6) 
91.96 (6) 
88.54 (7) 
89.46 (6) 
90.51 (6) 
175.43 (7) 
86.89 (7) 
87.82 (6) 
89.74 (6) 
90.65 (7) 



N8— C40— H40 
C39— C40— H40 
03P— CUP— 02P 
03P— CUP— 04P 
02P— CUP— 04P 

03P— cup— oip 
02P— cup— oip 
04P— cup— oip 

CUP— 04P— NalP 
06P— C12P— 07P 
06P— C12P— 05P 
07P— C12P— 05P 
06P— C12P— NalP 
07P— C12P— NalP 
05P— C12P— NalP 
C12P— 06P— NalP 
C13— Znl— Cll 
C13— Znl— C14 
Cll— Znl— C14 
C13— Znl— C12 
Cll— Znl— C12 
C14— Znl— C12 
Znl— C14— NalP 
06P— NalP— C12P 
06P— NalP— C14 
04P— NalP— C14 
C12P— NalP— C14 



118.9 
118.9 

112.79(16) 
109.07 (18) 
110.45 (17) 
109.10(19) 
108.70(16) 
106.53 (13) 
122.39 (13) 
101.2(11) 
115.5 (9) 
94.8 (11) 
45.8 (6) 
122.3 (10) 
138.9 (6) 
111.5 (8) 
100.05 (6) 
103.21 (9) 
121.91 (3) 
105.65 (9) 
111.33 (2) 
112.19(3) 
144.75 (5) 
22.6 (3) 
133.7(3) 
97.68 (9) 
116.80(12) 



C5— Nl— CI— C2 
Crl— Nl— CI— C2 
Nl— CI— C2— C3 
CI— C2— C3— C4 
C2— C3— C4— C5 
CI— Nl— C5— C4 
Crl— Nl— C5— C4 
C3— C4— C5— Nl 
C10— N2— C6— C7 
Crl— N2— C6— C7 
N2— C6— C7— C8 
C6— C7— C8— C9 
C7— C8— C9— C10 
C6— N2— C10— C9 
Crl— N2— C10— C9 
C8— C9— C10— N2 
CI 5— N3— Cll— C12 
Crl— N3— Cll— C12 
N3— Cll— CI 2— C13 



1.1(3) 

-175.75 (19) 
1.4 (4) 
-2.8 (4) 
1.9 (4) 
-2.1 (3) 
174.69(18) 
0.6 (4) 
-0.7 (3) 
176.06(17) 
0.1 (3) 
0.7 (3) 
-0.8 (3) 
0.5 (3) 
-176.32 (17) 
0.3 (3) 
-1.5 (3) 
177.33 (15) 
0.0 (3) 



C21— C22— C23— C24 
C22— C23— C24— C25 
C21— N5— C25— C24 
Cr2— N5— C25— C24 
C23— C24— C25— N5 
C30— N6— C26— C27 
Cr2— N6— C26— C27 
N6— C26— C27— C28 
C26— C27— C28— C29 
C27— C28— C29— C30 
C26— N6— C30— C29 
Cr2— N6— C30— C29 
C28— C29— C30— N6 
C35— N7— C31— C32 
Cr2— N7— C31— C32 
N7— C31— C32— C33 
C31— C32— C33— C34 
C32— C33— C34— C35 
C31— N7— C35— C34 



-0.1 (3) 
0.3 (3) 
0.6 (3) 
173.43 (17) 
-0.5 (3) 
-0.1 (4) 
-178.8 (2) 
1.0(4) 
-1.3 (4) 
0.7 (4) 
-0.5 (3) 
178.14(19) 
0.2 (4) 
0.2 (3) 
175.81 (17) 
-0.7 (3) 
0.7 (3) 
-0.2 (4) 
0.3 (3) 
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pi i n o p i /i 

Cll — Clz — C13 — C14 


a a /-) \ 

0.9 (3) 


Crz— 


-JN7 — C35 — C34 


nc )r /i t\ 

-175.35 (17) 


C 12 — C 1 3 — C 14 — C 1 5 


-0.4 (3) 


C33- 


-C34— C35— N7 


-0.4 (3) 


Cll — N3 — C15 — C14 


2.1 (3) 


C40- 


-N8— C36— C37 


A O /") \ 

-0.8 (3) 


Crl — N3 — C15 — C14 


1 *7z: T7 /i z:\ 

-176.77 (16) 


Cr2- 


-N8— C36— C37 


1 H£ OA /1 n\ 

176.29 (17) 


p i a pi r XT') 

C13 — C14 — CI 5 — JN3 


1 i /") \ 
-1.2 (3) 


N8— 


-C36— C37— C38 


A A /") \ 

0.9 (3) 


C20 — N4 — C 1 6 — C 1 7 


-0.5 (4) 


C36- 


-C37— C38— C39 


0.1 (3) 


/-i i XT/1 P 1 / p 1 —7 

Crl — N4 — C 1 6 — C 1 7 


175.7 (2) 


C37— C38— C39— C40 


-1.2 (3) 


XT/I /""< 1 /_ PIT P 1 O 

N 4 — C 1 6 — C 1 7 — C 1 8 


-0.4 (5) 


C36- 


-N8— C40— C39 


A 1 /-) \ 

-0.3 (3) 


C • i /: pi n /" 1 o pi a 

Clo — CI / — Clo — Civ 


1 1 /C\ 

1.1 (5) 


Cr2- 


-N8— C40— C39 


1 HH 1 A ( 1 r 7\ 

—i / (i /) 


p i "7 pio pin p^n 

C 1 7 — C 1 8 — C 1 9 — C20 


-1.0 (6) 


C38- 


-C39— C40— N8 


1.3 (3) 


CI 6— N4— C20— C19 


0.6(5) 


03P- 


-CUP— 04P— NalP 


-79.1 (2) 


Crl— N4— C20— C19 


-175.5 (3) 


02P- 


-CUP— 04P— NalP 


45.3 (2) 


CI 8— CI 9— C20— N4 


0.1 (6) 


01P- 


-CUP— 04P— NalP 


163.23 (16) 


C25— N5— C21— C22 


-0.5 (3) 


07P- 


-C12P— 06P— NalP 


124.6(10) 


Cr2— N5— C21— C22 


-173.30(16) 


05P- 


-C12P— 06P— NalP 


-134.5 (8) 


N5— C21— C22— C23 


0.2 (3) 








Hydrogen-bond geometry (A, ") 


D — H—A 


D — H 




U-A D-A 


D — H—A 


C2— H2-05P 


0.95 




2.31 3.237 (14) 
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CIO — H10-O2P" 


0.95 




2.49 3.352 (3) 
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Symmetry codes: (i) -x+l,y+l/2, -z+1/2; (ii)x-l/2,y+l, -z+1/2. 
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